The Brazos-Trinity Basin on the slope of the Gulf of Mexico passive margin was drilled during Integrated Ocean Drilling Progam Expedition 308. The buried anaerobic sediments of this basin are largely organic-poor and have few microbial inhabitants compared with the organic-rich sediments with high cell counts from the Peru Margin that were drilled during Ocean Drilling Program Leg 201. Nucleic acids were extracted from Brazos-Trinity Basin sediments and were subjected to wholegenome amplification and pyrosequencing. A comparison of the Brazos-Trinity Basin metagenome, consisting of 105 Mbp, and the existing Peru Margin metagenome revealed trends linking gene content, phylogenetic content, geological location and geochemical regime. The major microbial groups (Proteobacteria, Firmicutes, Euryarchaeota and Chloroflexi) occur consistently throughout all samples, yet their shifting abundances allow for discrimination between samples. The cluster of orthologous groups category abundances for some classes of genes are correlated with geochemical factors, such as the level of ammonia. Here we describe the sediment metagenome from the oligotrophic Brazos-Trinity Basin (Site 1320) and show similarities and differences with the dataset from the Pacific Peru Margin (Site 1229) and other pyrosequenced datasets. The microbial community found at Integrated Ocean Drilling Program Site 1320 likely represents the subsurface microbial inhabitants of turbiditic slopes that lack substantial upwelling.
Introduction
The deep marine biosphere is thought to host a large component of the world's microbial population, yet little is known about these subsurface cells (Whitman et al., 1998) . The microbial inhabitants of the sediment have been explored using many techniques, including but not limited to clone library analysis, lipid extractions, microscopy and quantitative QPCR (Schippers et al., 2005; Biddle et al., 2006; Inagaki et al., 2006; Lipp et al., 2008) . The majority of these studies have been conducted on sediments under significant upwelling zones along active accretionary margins, in places where total organic carbon( content is high (1-5%) and geochemical profiles of methane and sulfate indicate active anaerobic microbial communities (D'Hondt et al., 2004) . However, many marine sediments are poor in organic carbon (0.03-1% of the total organic carbon). With the proposed hypothesis that many of the subsurface microbes, particularly the Archaea, are dependent on organic carbon for their metabolism (Biddle et al., 2006; Lipp et al., 2008) , it stands to reason that sediments with differing organic carbon contents have distinct microbial communities (Inagaki et al., 2006; Teske, 2006; Fry et al., 2008; Lipp et al., 2008) . Ongoing studies of open-ocean sediment from the Equatorial Pacific (D'Hondt et al., 2004) , Peru Basin (Sørensen et al., 2004) and the South Pacific gyre (D'Hondt et al., 2009; Durbin and Teske, 2010) aim to help elucidate the microbial communities present in organic-poor, open-ocean subsurface settings. However, only a single PCR-based study of the microbial communities found in organic-poor turbiditic margin sediments, such as Integrated Ocean Drilling Program (IODP) Site 1320, has been conducted (Nunoura et al., 2009) . The study of this organic-poor anaerobic margin sediment using a quantitative technique that provides phylogenetic information, such as pyrosequencing a metagenome, could provide a counterpoint to the organic-rich sediments previously studied and thus provide a more complete view of subsurface marine microbiology than has been previously observed.
One of the most studied regions of marine sediment is that of the Peru Margin. Drilled in 2002 during Ocean Drilling Program (ODP) Leg 201, these sediments were found to have active geochemical cycling driven by microbes and microbial populations ranging from 10 6 to 10 9 cells per cm -3 sediment (D'Hondt et al., 2004) . Cores from one site in particular, Peru Margin Site 1229, have been subject to numerous studies, including a metagenomic analysis . During the initial screening of this metagenome, major differences were seen between this sediment environment and most terrestrial and pelagic metagenomes , but few differences, based on gene content and phylogenetic associations, were seen between sediment depth horizons (Teske and Biddle, 2008) . Owing to the high microbial activity of these sediments, the Peru Margin metagenome may not be representative of all subsurface marine sediment microbes and may only represent the organic-rich end of the spectrum of sediments. Sediments from the Brazos-Trinity Basin, part of the Gulf of Mexico passive margin, were drilled during IODP Leg 308. Sediments from this leg were oligotrophic (low organic carbon content), because of a low sedimentation rate resulting in an average total organic carbon of 0.53 wt% (Expedition 308 Scientists, 2005) . Site 1320, in the lower part of the basin, has microbial populations ranging from 10 4 to 10 6 cells per cm -3 sediment, resulting in orders of magnitude fewer cells than Site 1229 (Nunoura et al., 2009) . However, this site has geochemical gradients similar to Site 1229, indicating that sulfate reduction, methane oxidation and methanogenesis should occur at specific depths throughout the sediment column (Nunoura et al., 2009) . Additionally, the microbial groups detected by 16S rRNA gene clone library analysis are quite similar to those found in other deep subsurface sediments. The bacterial clone libraries are dominated by the Chloroflexi phylum, followed by proteobacterial lineages. The archaeal clone libraries consist mostly of members of the Miscellaneous Crenarchaeotal Group, followed by common subsurface lineages known as the Deep Sea Archaeal Group (also known as Marine Benthic Group B) and South-African Gold Mine Euryarchaetoal Group (Nunoura et al., 2009) . These phylum-level groups are quite similar to those found at Site 1229 Biddle et al., 2006 Biddle et al., , 2008 . A few noticeable differences are seen between sites, with Spirochetes, Deltaproteobacteria and Japan Sea 1 bacterial groups detected in larger percentages in shallow depths at Site 1320 than at Site 1229 Nunoura et al., 2009 ).
The clone library differences between the Peru Margin and Brazos-Trinity Basin microbial communities justified a metagenomic analysis. A metagenomic analysis allows for all genes in an environment to be sequenced, whereas clone library studies are restricted to mostly ribosomal genes and few known functional genes. A single metagenomic analysis provides both taxonomic and functional information, providing the widest view of microbial community structure and genome repertoire in the environment (Hugenholtz and Tyson, 2008) and may provide a relatively unbiased view of diversity . Additionally, a metagenome from this site allows for comparative studies between other environments sampled in the same way.
The low cell abundance in the Brazos-Trinity sediments, nearly two orders of magnitude lower than the Peru Margin, meant that only shallow sediment depths were targeted for metagenomic study as the previous 16S rRNA clone library study was most successful in amplifying DNA from depths shallower than 22 meters below seafloor (mbsf). DNA was extracted from 8 mbsf in the Brazos-Trinity basin and amplified using multiple displacement whole genome amplification under monitored amplification conditions and sequenced for the total genome content. Here we present the analysis of this new metagenome, using the existing Peru Margin metagenome and other pyrosequenced metagenomes as comparative samples.
Materials and methods
Site description IODP Expedition 308 Site 1320 (27118.0809 0 N 94123.2537 0 W) is in the Brazos-Trinity Basin IV in the Gulf of Mexico in 1470 m water depth. A total of 299 m of sediment were retrieved for IODP Expedition 308 Hole U1320A. Sediment was sectioned onship and immediately placed into low-permeability bags and flushed with N 2 gas (Expedition 308 Scientists, 2005) . Core 1320A had some of the highest cell counts (Expedition 308 Scientists, 2005) , and, at approximately 10 mbsf, the highest number of prokaryotic rRNA genes within this expeditions sample set (Nunoura et al., 2009) . Frozen (À80 1C) repository samples from IODP Expedition 308 Hole U1320A section 2H3 (8 mbsf) and 4H5 (30 mbsf) were used in this study. Geochemical data on the samples were compiled from ship-board data (Supplementary  Table S1 ; Expedition 308 Scientists, 2005).
Nucleic acid extraction
A phenol extraction was performed using the following protocol (adapted from Biddle et al., 2006) . In a 50-ml conical tube, 5 ml Tris-buffered phenol (pH 8), 5 ml 5 Â extraction buffer (250 mM sodium acetate, 50 mM EDTA, pH adjusted to 8), 0.5 ml 20% SDS, 2 g 0.1-mm sterile glass beads and 5 g sediment were combined and vortexed for 1 min. The samples were then centrifuged at 5000 Â g for 5 min and the aqueous phase was removed into a new tube. In all, 5 ml of phenol:chloroform:isoamyl alcohol, pH 8, was added and the mixture was briefly vortexed. The sample was then recentrifuged as above and the aqueous phase was again removed to a new tube. Then 5 ml of chloroform was added, the sample was vortexed briefly, centrifuged and the aqueous phase removed. To precipitate DNA, 2.5 ml 7.5 M ammonium acetate and 5 ml isopropanol were added. After mixing the sample by gentle inversion, it was incubated at room temperature for 30 min, then centrifuged at 5000 Â g for 30 min. All liquid was removed and the invisible pellet was washed with 70% ethanol and air dried. DNA was resuspended in 20 ml PCR grade water. Tests showed this extract contained polymerase inhibitors and required a cleaning step of gel purification. For gel purification, 10 ml of sample volume was mixed with 2 ml loading buffer, and was run on a 1% low melting point, surface tension TAE gel at 100 V for 10 min. When the gel was stained with SYBR gold (Invitrogen, Carlsbad, CA, USA), no bands were visible; however, the space between the sample wells and the dye front was excised and subjected to gel purification using the digestive enzyme Gelase (Invitrogen) as per the manufacturer's instructions. As a contamination control, a gel slice was excised from a lane that had been loaded with only loading dye. The precipitated DNA was resuspended in 2.5 ml PCR grade water.
Whole genome amplification (WGA) and contamination control After the gel purification, the entire sample was subjected to phi29 whole genome amplification using the RepliG Midi kit (Qiagen, Valencia, CA, USA). Manufacturer's instructions were followed, with a few exceptions: the water added to the reaction included SYBR green I (Invitrogen) at 50 Â concentration and the incubation was visualized by an MX3500P QPCR machine (Stratagene, La Jolla, CA, USA) every 10 min. The total reaction time was only 90 min, after which the reaction was stopped by heating to 65 1C for 3 min (Supplementary Figure S1 ). DNAs were diluted 1:10 and 1 ml was used for amplification of bacterial and archaeal 16S rRNA genes. Amplification of these genes was seen for the 2H3 sample, but neither for the negative controls (gel purification control and water control) nor for the 4H5 sample. DNA present in the 4H5 sample may have been unable to amplify within the short amplification time; however, attempts to amplify for longer times resulted in amplification within the negative controls. As such, only the 2H3 sample amplified for this short time was used in further experiments.
Pyrosequencing
Amplified DNA from Site 1320A 2H3, approximately 100 ng, was sent to the Pennsylvania State University Center for Genomic Analysis, where pyrosequencing was performed according to company protocol on a 454 Life Sciences GSFLX system (Branford, CT, USA). Sequences from this project were deposited in the NCBI Short Read Archive (SRA009400).
Sequence analysis
The resulting sequence from Site 1320 (BrazosTrinity Basin, 8 mbsf), the existing sequence from the Peru Margin (NCBI accession code SRA001015; Peru Margin depths 1, 1*, 16, 32 and 50 mbsf with 1* denoting a parallel sample from 1 mbsf without WGA) were processed as follows. To detect homology, sequences from all environments were searched against the NCBI nonredundant protein database using BLASTX. Hits to the NR database required an e-value o1eÀ5. Parameters for all BLASTX searches were 'Àb 50-e 0.00001ÀW 4.' Sequences with matches to the NR database were assigned to the taxonomic clade of their corresponding best hit. The taxonomic identity of each database entry was determined using the NCBI taxonomy (public hierarchy files names.dmp, nodes.dmp) with corresponding accession or gi numbers. Sequences with matches to eukaryotes were removed before additional analyses.
Additional BLASTX analyses were performed with these data and comparative datasets, Red/ Black Soudan Mine and Lean/Obese Gut Flora (all comparative datasets were retrieved from the MG-RAST server, http://metagenomics.nmpdr.org/; Metagenome IDs: 4440281.3, 4440282.3, 4440463.3, 4440464. 3), against the NCBI clusters of orthologous groups (COG) database (Tatusov et al., 2003) (obtained in 2009, http://www.ncbi.nlm.nih.gov/COG/) to create functional profiles for each sample (e-value o1eÀ5). Sequences with matches to the COG database were assigned to general functional groups based on the best BLASTX hit. Some COGs are associated with multiple general functions (for example, COG0304 [IQ] is associated with lipid metabolism [I] and secondary metabolite biosynthesis [Q] ).
Taxonomic composition estimation
Sequences with COG hits were searched for 31 specific COGs associated with high-quality phylogenetic markers. In contrast to phylogenetic profiles created using rRNA gene hits (for example, the 16S rRNA gene), these markers are single-copy proteincoding genes, and thus permit a less-biased quantitative description of the taxonomic composition of a microbial community (Ciccarelli et al., 2006; von Mering et al., 2007) . Hits to these markers were collected for each sample to form taxonomic profiles.
Statistical analysis
Samples were clustered according to taxonomic composition profiles and COG profiles using a distance function of D ¼ (1À|Pearson's correlation coefficient|) and complete-linkage clustering. Before clustering, functional COG profile values within each category were normalized across samples by computing the difference from the mean and dividing by the corresponding standard deviation. The associated dendrograms were visualized using the heatmap_2 function in the R library package 'Heatplus.' To detect differentially abundant metagenomic features between each Peru Margin Site 1229 depth horizon and the Brazos-Trinity Basin sample, the Metastats (White et al., 2009 ) statistical methodology was modified to include comparisons between two single samples. All sample comparisons of functional abundances employed the w 2 test. Owing to the sparse observations associated with some of the taxonomic abundances, sample comparisons of taxonomic composition employed Fisher's exact test. Correlations between the metadata and feature abundances were further examined using Pearson's product-moment correlation coefficient. Features included the relative abundance of each phylum in the taxonomic profile, and the relative abundance of each COG functional category. Metadata variables included sampling depth, site location, and concentrations of ammonium (NH 4 ), sulfate (SO 4 ) and iron (Fe) ( Tables 1 and Supplementary Table S1 ) (Expedition 308 Scientists, 2005) .
Results
Nucleic acids were extracted from the 1320A 2H3 (8 mbsf) Brazos-Trinity Basin sample, but not from the considerably deeper sample from 4H5 (30 mbsf). The amplification of this extracted DNA was detected by observing the whole genome amplification reaction on a QPCR machine where a clear amplification signal was seen from the 2H3 sample, but not the negative control (Supplementary Figure  S1) . No amplification was seen by WGA or PCR from the 4H5 sample. Pyrosequencing was performed on the 2H3, 8 mbsf, sample and a total of 546 127 reads were retrieved with an average sequence length of 193 basepairs (bp), for a total of just over 105 Mbp. Sequences from this Brazos-Trinity Basin sample, along with the existing Peru Margin samples, were first analyzed by BLASTX and hits were binned according to their associated taxonomy (Table 1) . To aid in the analysis of the sediment microbial population, all genes identified as eukaryotic were removed from further analysis. The Brazos-Trinity Basin sample contained 1.9% eukaryotic-associated hits (Table 1) . Half of these matches were to human sequences, fewer matched mouse, pufferfish or other eukaryotes (data not shown). Although these genes may actually be homologs from prokaryotes and may be misannotated, the inability to prove this possibility required they be removed from further study. The metagenomes contain few marker genes for specific microbial metabolisms, a phenomenon also found in the initial analysis of Peru Margin metagenome data . As specific genes were insufficiently abundant for statistical analysis, the genetic comparisons of samples were based on COG association and taxonomic association, that is, bacterial and archaeal phylum-level gene identification.
The taxonomic associations according to BLAST are similar for all samples (Figure 1a) , in that the major phylogenetic groups of Bacteria and Archaea are consistently represented. In the Brazos-Trinity 8 msbf sample, the Proteobacteria have the largest assigned number of genes (24.9%), followed by the Firmicutes (23%), Euryarchaeota (19.8%) and Chloroflexi (10%). These groups account for 77.7% of all assigned reads. In contrast, as described previously, the 50 mbsf sample from Peru Margin has the maximum number of reads assigned to Euryarchaetoa (24.5%), followed by Proteobacteria (18%), Firmicutes (18%) and Chloroflexi (15.7%), resulting in a total of 76.2% for these four dominating groups. A large percentage of BLAST-identified reads were assigned to COG categories (72-85% among samples). When single-copy genes often used as phylogenetic markers were sampled, the taxonomic profiles for each sample shifted (Figure 1b) (von Mering et al., 2007) . Most notably, in the BrazosTrinity sample there is a large increase in the representation of Spirochetes. Also, the representation of Crenarchaeota increased in all samples as the representation of Proteobacteria decreased. Using the Fisher's exact test, the single-copy COG phylogenetic markers from the Brazos-Trinity 8 mbsf To quantify the diversity of each sample, the taxonomic composition profiles were used to compute the Chao1 estimator and the Shannon diversity index (Table 1 ). We used genus-level assignments to compute Shannon and Chao estimates as a lower limit of measured diversity, as species-level information is not available. Across all samples, the Shannon indices were remarkably consistent, whereas the computed Chao1 estimate for the Brazos-Trinity 8 mbsf sample was more than twice that of the Peru Margin samples. However, this result is likely due to the sampling depth of the BT sample compared with the Peru Margin samples, as Chao1 estimates always tend to be higher with increased sampling frequency. Thus, the diversity of these environments detected through metagenomics is notably consistent despite differences in relative phylogenetic abundances. (Po1eÀ4 for all corresponding comparisons). To examine overall similarity among the samples, COG abundance profiles were subjected to hierarchical clustering analysis based on Pearson's correlation coefficients (Figure 2) . Using this representation, we see from the clustering that the COG distribution in the Brazos-Trinity Basin has a distant relationship with the COG distributions from the Peru Margin, as COGs are not equally distributed throughout these subsurface samples. The Brazos-Trinity Basin and Peru Margin microbial communities are distinct from each other, likely because of geographic separation. Further, the depth horizons of the Peru Margin site can be classified into three different geochemical regimes: at 50 mbsf, where methane is generated; at 32 and 16 mbsf, where sulfate is reduced; at 1 mbsf, where also sulfate is reduced, but it most likely contains less recalcitrant organic matter (Meister et al., 2005) . This association was not apparent in earlier analyses of these data .
In contrast to clustering by COG category abundance, hierarchical clustering based on taxonomic abundances indicates that the deeper Peru Margin samples at 16, 32 and 50 mbsf cluster separately from the two shallow samples, the 1 mbsf Peru Margin and the 8 mbsf Brazos-Trinity samples (Figure 3) . Variability in the levels of dominant prokaryotes, including Euryarchaeota, Proteobacteria, Firmicutes and Chloroflexi, appears to drive this clustering. The dominance of these few groups can clearly be seen over all other taxa, showing their potential importance to the subsurface community (Figure 3) .
To test whether there are genetic associations with measured geochemistries, as suggested by the clustering analysis, R 2 Pearson correlation coefficients were determined between COG categories and geochemical measurements (Supplementary Tables S1  and S2 ). This analysis shows that the abundance of sequence reads assigned to the energy production COG is highly correlated with several metadata features including depth, ammonia and sulfate (r 2 values of 0.77, 0.90 and 0.84, respectively) (Supplementary Table S3 ). There are strong correlations detected between levels of ammonia and the relative abundance of several COG categories, including a positive correlation of energy conversion/ production and post-translational modification, and Table S3 ); however, it is currently difficult to separate such trends from the classic diagenetic profile of a sediment column.
Using a principal component analysis of COG category abundance, the sediment metagenomes were compared with other pyrosequenced metagenomes from public databases ( Figure 5 ). In this plot, each principal component is a linear combination of COG category relative abundances. The previous clustering used the normalized measure of COG category abundance across samples to group the samples ( Figure 2) ; by this measure, the Brazos-Trinity sample was clustered as distinct from the Peru Margin samples. In this new analysis, which relies on the relative abundance of COG categories, the COGs from the BrazosTrinity sample are also distinct from those from the Peru Margin ( Figure 5 ). The shallow Peru Margin samples bridge the gap between the highly distinct deep Peru Margin samples and the Brazos-Trinity Basin sample. Further, the sediment samples are compared with samples from the Soudan Mine, a terrestrial deep biosphere sample (Edwards et al., 2006) , and samples from lean and obese human gut flora (Turnbaugh et al., 2008) . The Brazos-Trinity samples are most similar to the Soudan Mine samples. Completely distinct from all deep environmental samples are the samples from lean and obese human gut flora ( Figure 5 ). Taxonomic comparisons of phylogenetically informative COGs for these samples show that taxon differences alone do not drive the comparisons of COG categories, as the mine and gut samples look more taxonomically similar to each other compared with the sediment samples (Supplementary Figure S2) .
Discussion
The microbial community observed buried 8 mbsf at Brazos-Trinity Basin on the slope of the Gulf of Mexico passive margin lives in organic-poor anaerobic sediments. The degree to which the studied community appears similar to those observed in the subsurface of the organic-rich Peru Margin probably gives the best insight into which microbial groups are ubiquitous in anaerobic subsurface marine sediments. However, where the subsurface microbiology of the Brazos-Trinity Basin differs from the Peru Margin provides new insight into a subsurface microbial community composition that might be generally found in turbiditic slopes when substantial upwelling is not present. By comparing the metagenomes of sediments that are similar because of the lack of oxygen, yet different in their levels of total organic carbon, we are able to observe relationships between microbes and their environments. These data must be interpreted with caveats, because of the amplification of sample and lack of replicates for the Brazos-Trinity sample. However, taken as a whole, with the existing work (Nunoura et al., 2009) , interesting insights can be made into these samples.
Upon the initial evaluation of the Peru Margin metagenome, it appeared to have relatively consistent gene content at different depths, despite drastic changes in geochemical conditions . Now, using the Brazos-Trinity Basin Site 1320 anaerobic sediment as a comparative sample and applying statistical analyses, trends are being seen with gene content categories and taxonomic associations. Similarities in the taxonomic spectrum of major microbial groups link these geographically distant sediments, potentially because of the anaerobic nature of the sediments, despite the changes in total organic carbon content. However, differences are seen that are potentially due to biogeography and biogeochemistry. Additionally, the association of COG categories seen with increasing levels of ammonia in the sediments is intriguing ( Figure 4) ; however, its meaning is currently unclear. Many of the COG categories have similar trends, with the chemical species usually seen changing in a diagenetic profile (Supplementary Table S3 ), such as a decrease in genes for energy production and conversion correlating with decreasing levels of sulfate (r 2 ¼ 0.837, Supplementary Table S3 ). The correlations with depth alone are slightly lower; the best depth correlation appears in genes linked to energy production and conversion (r 2 ¼ 0.769) (Supplementary Table S3 ). The correlations of COG category abundance to depth, age or chemistry of sediment are suggestive, but further studies and a wider range of sampling sites are required to constrain the linkages of geochemistry, microbiology, age and depth of sediments, and to establish or disprove their mutual interdependence.
The Brazos-Trinity dataset shows that the basic representation of a deep sediment metagenome is composed of four main microbial groups, the Euryarchaeota, Proteobacteria, Chloroflexi and Firmicutes. These main groups are seen by the analysis of all genes throughout all samples, including one not subjected to WGA (Figure 1a) . The hierarchical clustering analysis suggests that these phylogenetically defined groups influence the similarities and differences of sediment metagenomes (Figure 3 ). Yet, these clustering patterns are different for COG category abundances across the same samples (Figure 2 ). This discrepancy between phylogenetic and COG category-based clustering patterns is intriguing and could be interpreted as circumstantial evidence for systematically diverging genome content and COG category abundance within the mostly uncultivated, dominant microbial groups of deep marine sediments. Additionally, while the Euryarchaeota are identified as a major group by the metagenome, 16S rRNA gene studies have indicated that Crenarchaeota are the dominant Archaea (Nunoura et al., 2009) . The discrepancy between total archaeal gene identification and small subunit ribosomal identification in sediments has been documented previously , and the databases may still not contain sufficiently close templates for a robust taxonomic identification of the overall crenarchaeotal gene content in the sediment. Also, the singular instance of increased Spirochetes in the Brazos-Trinity Basin sample seen by ribosomal protein identification (Figure 1b) , while in support of the clone library findings from this site (Nunoura et al., 2009) , may be exaggerated in the metagenome as certain genes may be randomly overamplified during whole genome amplification, despite controls to avoid this; unfortunately, multiple samples are not available for comparison. These caveats serve as a reminder that genome amplification techniques that are intended to improve microbial detection should be used with caution (Lipp et al., 2008) and that the taxonomic associations of a metagenome cannot be the only evidence for the microbes in an environment . In this study, the continual analysis of both the amplified and unamplified 1 mbsf Peru Margin sample allows for a measure of WGA-induced noise to be evaluated for each individual test. The clustering analyses run in this study always produce these two samples as being most closely related compared with the other sediment samples processed in the same way, suggesting that introduced noise is a smaller factor than true sample-to-sample differences.
An interesting phenomenon seen in this new analysis is that the 1 mbsf sample from the Peru Margin and the 8 mbsf sample from the BrazosTrinity Basin appear distinct from the deeper samples according to taxonomic associations (Figure 3) . This reflects the previous findings from the Peru Margin, which showed that shallow samples (6.7 and 11 mbsf) tend to cluster in statistical analyses of DGGE banding patterns (Fry et al., 2006) and supports what has been seen in many clone library studies, that the composition of clones changes with depth (Inagaki et al., 2006; Sørensen and Teske, 2006; Nunoura et al., 2009) . As already seen from 16S clone library studies, the Chloroflexi group in particular seems to be selected as part of the 'deep' community, along with archaeal groups (Teske, 2006; Biddle et al., 2008; Fry et al., 2008) . Specific bacterial and archaeal groups are postulated to be well adapted to slow-growing, low-energy lifestyles (Davis et al., 2005; Valentine, 2007) . Exactly how these groups achieve their long-term survival remains to be seen, but this thought leads to the suggestion that renewed efforts at cultivating deep phylotypes need to be made. The congruence in taxonomic profiles resulting from these initial PCR-based studies and metagenomic surveys is impressive, given the only partially explored methodological biases of these methods, and the farreaching implications of primer choice (Teske and Sorensen, 2008) .
Also interesting is the apparent association of COG categories from the existing subsurface metagenomes, including that of the Soudan Mine terrestrial system ( Figure 5 ). The comparison of COG categories was restricted to only pyrosequenced samples, to allow for whatever biases that might exist in this analysis to be consistent. Although the Soudan Mine samples looked different in their original publication (Edwards et al., 2006) , our reanalysis in light of a much larger dataset shows that they are quite comparable to each other and more similar in their COG structure to shallow sediment samples. Using the lean and obese human gut microbiome as an outgroup, the subsurface metagenomes show that the functional aspect of shallow and terrestrial metagenomes may be more similar to each other than to the deeper Peru Margin metagenomes, which are all very similar to each other. Whether this is due to the actual processes in the sediments allowed by the in-situ geochemistry, or due to the COG profiles of microbial groups that can survive these brutal conditions cannot be determined as of yet. The suggestion that a buried biosphere, regardless of marine or terrestrial location, is exciting and further investigations into deep biosphere environments and comparisons with surface and animal environments will need to be performed to determine if there is a distinct signature of subsurface life.
